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Abstract: Fire safety has become an important part in structural design due to the ever 
increasing loss of properties and lives during fires. Conventionally the fire rating of load 
bearing wall systems made of Light gauge Steel Frames (LSF) is determined using fire tests 
based on the standard time-temperature curve in ISO834 [1]. However, modern commercial 
and residential buildings make use of thermoplastic materials, which mean considerably high 
fuel loads. Hence a detailed fire research study into the fire performance of LSF walls was 
undertaken using realistic design fire curves developed based on Eurocode parametric [2] and 
Barnett’s BFD [3] curves using both full scale fire tests and numerical studies. It included 
LSF walls without cavity insulation, and the recently developed externally insulated 
composite panel system. This paper presents the details of finite element models developed to 
simulate the full scale fire tests of LSF wall panels under realistic design fires. Finite element 
models of LSF walls exposed to realistic design fires were developed, and analysed under 
both transient and steady state fire conditions using the measured stud time-temperature 
curves. Transient state analyses were performed to simulate fire test conditions while steady 
state analyses were performed to obtain the load ratio versus time and failure temperature 
curves of LSF walls. Details of the developed finite element models and the results including 
the axial deformation and lateral deflection versus time curves, and the stud failure modes 
and times are presented in this paper. Comparison with fire test results demonstrate the ability 
of developed finite element models to predict the performance and fire resistance ratings of 
LSF walls under realistic design fires. 
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1. Introduction   
In recent years, building construction industries around the world have shown increased 
interest in the use of cold-formed Light gauge Steel Frame (LSF) wall panels for residential, 
industrial and commercial buildings as primary load bearing elements. When LSF wall panels 
are used in buildings, they need to satisfy certain fire resistance requirements. Fire testing of 
LSF wall systems is generally based on the standard time-temperature curve given in ISO 834 
[1], which originated from the application of wood burning furnaces. In reality, modern 
residential and commercial buildings include increasing amounts of synthetic foams and 
thermoplastic materials. These synthetic materials increase both the speed of fire growth and 
heat release rate, thus increasing the fire severity beyond that is provided by the standard fire 
curve used to obtain the Fire Resistance Rating (FRR) of construction elements. 
 
The time-temperature curve used in fire tests should represent most of the potential fires in 
buildings. However, the present standard time-temperature curve may not meet this 
requirement. This was demonstrated by many researchers [4-7] using compartment tests, 
where the maximum temperature in a natural fire exceeded the standard ISO curve [1] within 
a short period of time from ignition. Fire testing using the standard fire time-temperature 
curve will give good comparative results for building systems tested under identical 
conditions, and also valuable basic data. However, it does not provide accurate FRR for 
modern residential and commercial buildings. Therefore a detailed research study was 
undertaken to investigate the fire performance of LSF wall systems under more realistic fire 
conditions. In a building fire, the fire growth, fully developed and decay phases depend on 
aspects such as fuel load, ventilation openings and thermal properties of compartment lining 
materials. Based on the available literature, appropriate values of these parameters were 
selected to represent the modern building fire scenarios, and suitable realistic design fire 
time-temperature curves were developed by Ariyanayagam and Mahendran [8]. These 
realistic design fire curves were then used in full scale fire tests of eight LSF wall specimens 
of three different wall configurations (single and double plasterboard lined walls and 
externally insulated walls). Details of these fire tests and the results including the observed 
stud failure modes and times, and the measured time-temperature and deformation curves of 
LSF wall panels are given in Ariyanayagam and Mahendran [9]. Table 1 presents a summary 
of test wall configurations used and the results while Figures 1 and 2 show the realistic design 
fire curves and the fire test set-up, respectively. 
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This paper presents the details of finite element models developed to simulate the full scale 
fire tests of LSF wall panels under realistic design fires. Finite element models of LSF walls 
under realistic design fire curves were developed using ABAQUS, and analysed under both 
transient and steady state fire conditions using the measured stud time-temperature curves in 
the fire tests [9]. Details of the developed finite element models, procedures and the results 
are presented in this paper. Transient state analyses were performed first to simulate the fire 
test conditions more closely. They were followed by steady state analyses to obtain the load 
ratio (ratio of ultimate stud capacities under fire and ambient conditions) versus time and 
failure temperature curves of LSF wall studs under realistic design fires.  
 
2. Model Description 
Many researchers [10-13] developed suitable finite element models of LSF walls to study 
their behaviour under standard fire conditions. In this study ABAQUS Version 6.9-1 was 
used with MSC/Patran 2010.1.2 as pre and post-processors. Experimental LSF wall panel 
included four cold-formed steel lipped channel section studs (90 x 40 x 15 x 1.15 mm) of 
2400 mm length spaced at 600 mm centres and connected to top and bottom tracks [9]. Each 
stud was loaded to a pre-determined axial compression load based on the required load ratios 
of 0.2 and 0.4 using individual hydraulic ramps placed at the bottom of the wall specimen. 
End plates were used between the studs and the ramps to transfer the loads at the geometric 
centroids of the studs. LSF wall panel was then exposed to a realistic design fire curve on one 
side while maintaining the applied axial compression load. LSF wall panel failure was always 
due to the failure of one or more studs. During the fire test the applied load, axial 
deformations and lateral deflections and temperatures across and along the wall panel were 
measured [9]. To simulate the behaviour of tested LSF wall panels under realistic fire 
conditions, the failed stud in the wall panel was considered with appropriate loading and 
boundary conditions. Both full and half length models were used. Figure 2(a) shows the test 
LSF wall frame and the centreline dimensions of the stud used in the model. 
 
Finite element analyses (FEA) were performed under both steady and transient state 
conditions. In the transient state method, the axial compression load was applied to the stud 
first and the stud temperatures were then increased each minute until failure. For this purpose 
the average measured time-temperature curves from the fire tests [9] were used. In the steady 
state method, the stud temperatures at any given time were increased to the required levels 
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and then the axial compression load was applied to the stud until failure. The transient state 
analysis simulates the experimental conditions more closely. Hence in the transient state 
analysis a full length stud model was used while in the steady state analysis a half length stud 
model was used after validating the transient state model in order to reduce the required 
computing resources. 
 
2.1. Finite Element Mesh  
Shell element type S4R was used to model the LSF wall stud while rigid body element R3D4 
was used to model the rigid end plates. Element S4R is a robust, general-purpose and four 
noded quadrilateral shell element suitable for many applications with reduced integration to 
avoid shear and membrane locking. A 4 mm x 4 mm finite element mesh size was then 
chosen based on a series of convergence studies. Figures 3 and 4 show the typical finite 
element mesh used to model LSF wall studs in this research. 
 
2.2. Loading and Boundary Conditions 
In the fire tests of LSF walls, studs were fixed to tracks through their flanges using one screw 
fastener on each side and were spaced at 600 mm. This type of connection was conservatively 
taken as pinned supports for the full length models of LSF wall studs. The displacements at 
the ends of the stud were restrained along the two major axes (y & z) while twisting was 
restrained about x-axis (Figure 3). The axial displacement was restrained along x-axis at one 
end. The lateral restraint provided by plasterboard lining was included along the stud at 300 
mm spacings on both flanges, ie. the same as screw spacings. These boundary conditions 
were similar to those used by many other researchers [10-13]. As the stud is symmetrical 
about the yz-plane, it is possible to consider only half the stud length (1200 mm). Figure 4 
shows the boundary conditions used in the half length stud model. Its support conditions at 
the loading end were identical to those of the full length model. However, at mid-height the 
axial deformation was restrained along x-axis while the rotation was restrained about both y 
and z axes for each node. 
 
2.3. Temperature Distribution 
The measured time-temperature curves of LSF wall studs from the fire tests were used in 
FEA. In the fire tests the studs’ hot flange (HF) and cold flange (CF) temperatures were 
measured at quarter heights, and their average values were input to the model. A linear 
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temperature variation was assumed for the web element and the average measured 
temperatures (HF, Web and CF) were also assumed to be constant along the stud length as 
assumed in previous studies [10, 12]. The lip temperature was assumed to be the same as the 
corresponding flange temperature. Figure 5 shows the temperature distribution across the stud 
used in FEA. In this study, any temperature variation along the length of the stud, for 
example due to partial plasterboard fall-off, was not considered. However, the effects of such 
stud temperature variations along the length were included by using the average measured 
stud temperatures at quarter heights. 
 
2.4. Mechanical Properties 
The mechanical properties required in FEA include yield strength, modulus of elasticity and 
Poisson’s ratio of steel used to make LSF wall studs at ambient and elevated temperatures. 
The ambient temperature yield strength and modulus of elasticity of 1.15mm thick G500 steel 
were obtained from tensile coupon tests and they were 612 MPa and 210,260 MPa, 
respectively. These measured values were used in FEA while the Poisson’s ratio was taken as 
0.3. The mechanical properties at elevated temperatures were based on the reduction factors 
proposed by Dolamune Kankanamge and Mahendran [14] for Australian cold-formed steel 
sheets. Based on tensile coupon tests at various temperatures they developed Equations 1 to 3 
for high strength steels (G500 and G550), where 
Tyf .  and 20.yf are the 0.2% proof stresses at 
elevated and ambient temperatures, respectively, and T is the temperature. 
 
 
 
 
 
 
 
 
Dolamune Kanakanamge and Mahendran [14] also developed two linear equations to predict 
the elastic modulus reduction factors at elevated temperatures (Equations 4 and 5). Their 
equations agreed well with test values of cold-formed steels used in Australia. Hence 
Equations 1 to 5 were used in this study to determine the yield strength and elastic modulus 
of 1.15 mm G500 steel studs at elevated temperatures. 
(1) CT
o30020   





 

Tx
T
f
f
y
Ty
10
56.4
20,
,
101
20
1
(2) CT o600300 
 





 

T
T
f
f
y
Ty
76.7
300
95.0
45.1
20,
,
(3) 
35.00004.0
20,
,
 T
f
f
y
Ty
CT o800600 
  
 
6 
 
0167.1000835.0
20
 T
E
ETCT o20020 
(4) 
  (5) 
1201.100135.0
20
 T
E
ET
CT o800200 
 
The stress-strain curves at elevated temperature are based on the Ramberg-Osgood stress 
strain model as given in Equation 6, where T is the strain at a given stress Tf  at temperature 
T, 
Tyf ,  
and 
TE are yield strength and modulus of elasticity at elevated temperatures obtained 
from Equations 1 to 5, and T  and  are two parameters. Ranawaka and Mahendran [15] 
proposed   to be taken as 0.86 and T for high strength steel (G500) as given by Equation 7. 
Figure 6 shows the stress-strain curves obtained for different elevated temperatures. These 
engineering stress-strain values were then converted to the true stress and logarithmic plastic 
strain based on Equations 8 and 9 to be used as input to the finite element model. 
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2.5. Initial Geometric Imperfections and Residual Stresses 
Initial geometric imperfection has a significant effect on the behaviour and strength of thin 
cold-formed steel sections. Local imperfection is expressed in terms of plate width or 
thickness while global imperfection is given in terms of member length. However, due to the 
significant thermal bowing of studs under fire conditions, initial geometric imperfection is 
not expected to dominate the structural behaviour of studs. Past research on the modelling of 
cold-formed steel studs at elevated temperatures used local and/or global imperfections. For 
instance, Kaitila [13], Zhao et al. [11] and Feng and Wang [12] used both local and global 
geometric imperfections. In Gunalan and Mahendran’s [10] finite element model, the lowest 
eigen mode showed only local buckling along the stud. Hence they used the value of 0.006b 
as the initial local imperfection amplitude for the stiffened element as recommended by 
Schafer and Pekoz [17], where b is plate width. In this study also the lowest buckling mode 
was local buckling in most cases and hence the above value was used. In other cases where 
flexural/flexural torsional buckling was the lowest eigen mode, an initial imperfection of 
L/1000 was used, where L is the stud length. As in past research, the residual stresses in studs 
were neglected at elevated temperatures. The magnitude of residual stresses in lipped channel 
studs is expected to reduce rapidly with increasing temperatures [18]. 
 
2.6. Analysis Methods 
Both bifurcation buckling and non-linear analyses were conducted. The bifurcation buckling 
analysis was performed first to determine the elastic buckling modes at ambient temperature. 
An elastic buckling load of 39.8 kN and an ultimate failure load of 77 kN were obtained for 
the developed full length model. These values agreed well with Gunalan and Mahendran’s 
[10] FEA results and Gunalan et al’s [19] ambient temperature test ultimate failure load of 79 
kN per stud. This shows that the developed finite element model accurately predicted the 
capacities of studs subjected to axial compression at ambient temperature and thus it could be 
extended to simulate the behaviour of studs under fire conditions.  
 
Bifurcation buckling analysis was performed first and the deformation profile of the lowest 
buckling mode was used to input the imperfection amplitude, following which nonlinear 
inelastic analyses were conducted. Non-linear analysis under fire conditions can be 
performed using transient and steady state methods of analysis. In the analysis both Riks 
‘ON’ and ‘OFF’ methods were used to determine the ultimate compression load. Transient 
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state FEA was performed in two steps: in the first step, axial compression load on stud was 
increased to the target level (15 and 30 kN as seen in Table 1) and then the stud was allowed 
to follow the average time-temperature curve obtained from fire tests. In both steps Riks 
‘OFF’ method was used. From the transient state analysis, failure time and deformation 
curves of stud were obtained in addition to its failure modes. Steady state analysis was also 
performed in two steps: in the first step studs were raised to the experimental temperatures 
for different time periods using Riks ‘OFF’ method and then the load was increased using 
Riks ‘ON’ method. From the steady state analysis, load ratio of stud versus temperature/time 
curves were obtained. Next two sections present the results obtained from FEA of tested LSF 
wall configurations under selected realistic design fire curves shown in Table 1 and Figure 1. 
 
3. Transient State Finite Element Analyses  
3.1. LSF Walls Lined with Double Layers of Gypsum Plasterboards  
3.1.1.  Simulation of Test Specimen LSF1 
Test Specimen LSF1 lined with double layers of plasterboard did not fail even after 180 
minutes of fire exposure. The measured average time-temperature curves of Stud 2 and Stud 
1 (edge stud) shown in Figure 7(a) were used in the non-linear transient state analysis. Stud 2 
was selected as it recorded the highest temperatures throughout the fire test and Stud 1, as it 
was next to Stud 2. Figure 8 (a) shows the axial shortening of the stud at the end of Step 1 
while Figures 8 (b) and (c) show the deflected stud in Step 2 of non-linear analysis at 30 and 
180 minutes. 
 
Thermal bowing was observed to dominate the deformation in the fire growth phase and after 
150 and 180 minutes, higher axial deformations were observed due to the expansion of stud. 
The stud reached its maximum temperature at 144 minutes and beyond this both the 
maximum temperature and the corresponding temperature difference between hot and cold 
flanges decreased gradually (Figure 7(a)). Hence thermal bowing decreased considerably as 
seen in Figure 8(c). The LSF wall stud sustained the applied load for 180 minutes of fire 
exposure and did not fail during both experiment and FEA. Figures 7 (b) and (c) show the 
axial deformation and lateral deflection curves of Studs 1 and 2. They also confirm that studs 
did not fail during the fire test and FEA as there were no rapid changes in deflections. 
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3.1.2. Simulation of Test Specimen LSF2 
Specimen LSF2 structurally failed after 139 minutes of fire exposure during the decay phase 
of the fire (see Figure 1 for Test LSF2 fire curve), indicating that wall failure can occur 
during the cooling stages of real fires [9]. The failure modes of edge Stud 1 were a 
combination of flexural buckling about the major axis and local buckling at mid-height while 
Stud 2 failed by local buckling of hot flanges at mid-height. Hence both Studs 1 and 2 were 
used in transient state FEA. The average measured stud hot and cold flange time-temperature 
curves shown in Figure 9(a) were used in the analysis. They were extrapolated beyond 139 
minutes for the purpose of analyses. 
 
Figure 9(b) shows the variation of applied axial compression load with time for Studs 1 and 2 
from the fire test and corresponding FEA. From this figure, failure times of Studs 1 and 2 
from FEA were 136 and 134 minutes, respectively, which agree well with the fire test failure 
time of 139 minutes. Figure 9(c) shows the mid-height lateral deflection of Studs 1 and 2 of 
Specimen LSF2 with time. These deflection versus time curves also agree reasonably well 
with fire test results. In the fire tests, lateral deflection of stud reversed its direction near the 
failure point, and the panel failure occurred by moving away from the furnace. However, 
FEA could not predict this reversal in lateral deflections near the end. Figures 10 (a) and (b) 
show the failure modes of Studs 1 and 2 from FEA while Figure 10(c) shows the 
experimental failure modes of the same studs. In FEA the stud bent towards the hot side due 
to thermal bowing effects, and the neutral axis shift due to loss of stiffness initiated the 
reversal of its movement. However, this was small compared to lateral deflection reversal 
that occurred in the fire test due to the eccentric loading that was created by the thermally 
bowing wall panel. This was considered to be the reason for the difference in failure 
direction. Similar observations were made by Gunalan and Mahendran [10] and Zhao et al. 
[11] in their numerical studies of LSF walls under fire conditions. 
 
In FEA both Studs 1 and 2 experienced local buckling along the member at failure with 
greater severity near the support while in the fire test both studs showed local buckling at 
mid-height. This could be due to the higher stud temperatures observed at mid-height during 
the fire test whereas average measured temperatures were used for the entire stud length in 
FEA. Non-uniform temperature distributions across the stud cause thermal bowing and 
neutral axis shift, which lead to additional bending moments in the stud. Such combined 
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compression and bending actions can make hot flanges at the support or cold flanges at mid-
height to be more critical as explained in [10]. Due to these reasons the wall panel failure can 
be initiated by stud failure at mid-height or support. Table 2 compares the failure times and 
stud hot and cold flange temperatures at failure from transient state FEA with fire test results. 
There is a good agreement between these FEA and test results. 
  
3.2. LSF Walls Lined with Single Layer of Gypsum Plasterboard 
Test Specimens LSF3, LSF4, LSF3a and LSF3b were lined with single layer of plasterboards. 
In Tests LSF3 and LSF4, Stud 1 on the left side with the 150 mm edge plasterboard strip 
failed abruptly. Hence Test LSF3 was repeated with plasterboard joints on Studs 2 and 4, 
instead of them on Studs 1 and 3 (Test LSF3a in Table 1). Test LSF3b was also conducted 
with both vertical plasterboard joints over the centre studs (Studs 2 and 3) to avoid the use of 
edge plasterboard. 
 
Specimens LSF3, LSF3a and LSF3b were exposed to Eurocode parametric curve and 
structurally failed after 28, 39 and 30 minutes, respectively. Although the panels were similar 
in wall configuration and exposed to a similar fire curve, the failure times of single 
plasterboard lined specimen varied to a great extent. In Specimen LSF3, the fall-off of edge 
plasterboard strip exposed Stud 1 to furnace temperatures causing an early failure. Similarly 
in Specimen LSF3b the vertical plasterboard joint over a stud (Stud 3) opened up and 
initiated the failure. Hence the loss of lateral restraints and exposure to high furnace 
temperatures caused the studs to fail at different failure times. Although the failure times 
varied among these three tests, the agreement between test and FEA results was good as FEA 
was based on the measured stud time-temperature curves. Transient state FEA predicted the 
failure times within 2 minutes (Table 2). Any differences are possibly due to the use of 
average temperatures along the stud in FEA. Following sections present detailed comparisons 
for each test specimen. 
 
3.2.1. Simulation of Test Specimen LSF3 
Hot and cold flange temperatures of Stud 1 increased rapidly near the failure (from 27 
minutes) due to plasterboard fall-off, which initiated the failure. The stud hot flange 
temperature was 567
o
C at 27
th
 minute, but increased rapidly to 790
o
C at 28
th
 minute as shown 
in Figure 11(a). In Figure 11(a) the measured hot and cold flange temperature curves of Stud 
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1 are labelled as Stud 1(a). In order to neglect the rapid temperature rise due to plasterboard 
fall-off, Stud 1 temperatures were extrapolated from 26
th
 minute as shown by dotted lines 
(labelled as Stud 1(b)). In FEA, both these time-temperature curves were used to better 
understand plasterboard fall-off, i.e. whether it happened due to stud failure/deformations or 
simply due to calcinations and softening. 
 
FEA results showed that Stud 1(a) failed before Stud 1(b). Stud 1(a) failed at 27
th
 minute 
while Stud 1(b) failed at 28
th
 minute (Figure 11(b)). Hot and cold flange temperatures of Stud 
1(a) and Stud 1(b) at failure were 561 and 283
o
C, and 581 and 289
o
C, respectively. But in the 
fire test the stud hot and cold flange temperatures were 790 and 434
o
C at 28
th
 minute, which 
are much higher than FEA stud failure temperatures. Hence it is clear that the stud must have 
failed between 27 and 28 minutes in the fire test irrespective of whether plasterboard fall-off 
occurred or not. This implies that the plasterboard fall-off and rapid temperature rise 
observed from 27 minutes could have been initiated by the failure and associated rapid 
deformations of the stud. Table 2 presents the estimated failure time in fire test as 27.5 
minutes and corresponding hot and cold flange temperatures. 
 
Figures 11 (c) and (d) show that the axial deformation and lateral deflection versus time 
curves from test and transient state FEA agree reasonably well. In FEA, the sudden change in 
the axial deformation plot further confirms the failure time of Stud 1(a) to be 27 minutes. 
During the fire test, the axial deformation increased with time due to thermal expansion, but 
near the failure it decreased due to the wall panel deformation in the opposite direction. 
Hence the agreement between test and FEA lateral deflections was not good near the failure 
point. This is considered to be for the same reason given for Specimen LSF2, ie. eccentric 
loading caused by thermal bowing influenced the lateral deflection reversal in the test. The 
uneven FEA lateral deflection versus time curve (Figure 11(d)) was caused by the 
corresponding unexpected variations in the measured stud hot flange temperatures during the 
same time period (Figure 11(a)). 
 
Figure 12 shows the failure modes of Stud 1 obtained from transient state FEA and fire test. 
FEA showed the occurrence of local buckling along the stud near the failure time, and this 
was more severe near the supports. In the fire test, the stud was seen crushed and bent 
outwards, and had locally failed at the top 1/3
rd
 portion of the stud. As mentioned earlier, 
Stud 1 lost its thermal protection near the failure point due to plasterboard fall-off, and was 
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thus exposed to higher furnace temperatures. This caused the stud to fail abruptly, and thus 
the stud failure mode shown in Figure 12(b) is unlikely to be the actual mode that triggered 
its failure. Further, transient FEA used the measured stud temperatures, but included studs 
with lateral restraints for the entire duration of the test. However, in the fire test, the studs lost 
their lateral restraint near the failure point. Hence FEA showed a localised failure at the 
support while test showed global failures. These are the possible reasons for the difference in 
FEA and test failure modes. 
 
3.2.2. Simulation of Test Specimen LSF4 
Specimen LSF4 failure at 39 minutes was also due to Stud 1 failure caused by the fall-off of 
150 mm wide edge plasterboard strip attached to it. Stud 1 was crushed, bent outwards and 
locally failed at the top 1/3
rd
 portion. Stud 1 was selected for FEA as it failed during the fire 
test while Stud 3 was also selected as it recorded higher temperatures until near the failure 
point. A rapid temperature rise due to the plasterboard fall-off can be seen in the hot flange 
temperature of Stud 1 from 36 minutes. The measured stud time-temperature curves of Studs 
1 and 3 given in Figure 13(a) were used in the non-linear transient state analysis to predict 
their failure times. 
 
During the fire test, axial deformation increased with time due to thermal expansion. Similar 
behaviour was also seen in FEA and the sudden drops in axial deformation at 38
th
 and 39
th
 
minutes indicate the failures of Studs 1 and 3, respectively (Figure (13(b)). In both FEA and 
experiment the studs initially deflected towards the furnace, and near the failure this 
deflection increased rapidly (Figure (13(c)) due to increasing temperature difference between 
stud flanges. Failure modes of Stud 1 from FEA and test are shown in Figure 14. The 
differences between them are due to the same reasons given for Specimen LSF3. 
 
3.2.3. Simulation of Test Specimen LSF3a 
As in Tests LSF3 and LSF4, the fall-off of 150 mm edge plasterboard strip connected to Stud 
4 led to its failure due to a local compressive failure at mid-height. Local buckling waves 
were also seen in the web of Stud 3 at mid-height. Hence both Studs 3 and 4 were considered 
in the analyses. Following the test it was found that premature opening of vertical 
plasterboard joint along Stud 4 had caused partial pull-out of thermocouples away from Stud 
4, thus giving higher temperatures. Hence Stud 4 temperature was linearly extrapolated after 
26 minutes and used in FEA as shown in Figure 15(a).  
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Figure 15(b) shows that axial deformations of Studs 3 and 4 from experiment and FEA agree 
reasonably well and that the sudden drops in axial deformations at 37 and 42 minutes confirm 
the failure of Studs 4 and 3. Stud 4 lateral deflection curve was incomplete after 15 minutes 
due to malfunctioning of a displacement transducer. However, lateral deflections of both 
Studs 3 and 4 were increasing towards the furnace until failure and the agreement between 
FEA and test results was reasonably good as seen in Figure 15(c). In the fire test, Stud 3 
buckled locally along the web surface at mid-height while Studs 1 and 2 did not fail. Stud 4 
showed local buckling of the entire cross-section and was crushed at mid-height (Figure 16). 
FEA under transient state conditions for Studs 3 and 4 also showed local buckling along the 
stud with greater severity near the supports. 
 
3.2.4. Simulation of Test Specimen LSF3b 
In the fire test, a partial collapse of plasterboard was observed between Studs 3 and 4 near the 
failure point (30 minutes). Stud 3 showed a local compressive failure of the entire cross-
section near mid-height while Stud 4 displayed flexural-torsional buckling. Hence both Studs 
3 and 4 were considered in FEA. Figure 17(a) shows the average time-temperature curves of 
Studs 3 and 4 from test.  For the same reasons given for Specimen LSF3a, Stud 3 temperature 
was linearly extrapolated after 20 minutes and used in FEA as shown in Figure 17(a). 
 
Figures 17(b) and (c) show a reasonable agreement between the axial deformations and 
lateral deflections of Studs 3 and 4 from FEA and test. Lateral deflections of studs in the test 
did not change beyond about 21 minutes due to malfunctioning of displacement transducers. 
The sudden drops in load in Figure 17(b) confirm the failure times to be 26 and 32 minutes 
for Studs 3 and 4, respectively. However, when the modified time-temperature was used for 
Stud 3, the failure time was improved to 30 minutes, which agrees well with test result. 
 
In the test, Stud 3 showed a local compressive failure while Stud 4 showed flexural-torsional 
buckling. Based on FEA, Stud 3 has failed first, and thus it could have initiated the fall-off of 
plasterboard between Studs 3 and 4. The loss of lateral restraints and high furnace 
temperatures would have then caused Stud 4 to fail by flexural-torsional buckling. In FEA 
lateral restraints were included until failure. Hence both Studs 3 and 4 showed local buckling 
along the length with greater severity near the supports as shown in Figure 18. FEA of Stud 3 
showed local buckling near mid-height as observed in the test. 
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3.3. LSF Walls Externally Insulated with Rock Fibre 
Externally insulated Specimens LSF5 and LSF6 were exposed to ‘BFD’ and Eurocode 
parametric fire curves and structurally failed after 118 and 120 minutes, respectively. 
Experimental and transient state FEA stud failure times and temperatures are summarized in 
Table 2. 
 
3.3.1. Simulation of Test Specimen LSF5 
Figure 19(a) shows the average measured time-temperature curves of Studs 1 and 2, which 
were extrapolated beyond 118 minutes for the purpose of analysis. The measured stud hot 
flange temperature of 452
o
C was much lower than that of Specimen LSF6. This could be due 
to the fall-off of 150 mm edge plasterboard strip in the fire side base layer attached to Stud 1, 
and the loss of lateral restraints could have initiated a premature failure. As seen in Figure 
19(a), stud temperatures were increasing rapidly when the test was stopped. Hence the 
extrapolation used for the purpose of FEA is justifiable. 
 
Stud 1 was chosen as it failed by minor-axis buckling in the test and Stud 2 was located next 
to Stud 1. Figures 19 (b) and (c) show the axial deformation and mid-height lateral deflection 
curves from experiment and FEA for Studs 1 and 2. Rapid drops in axial deformation at 120 
and 121 minutes confirm the failure times for Studs 1 and 2, respectively. As mentioned 
earlier, the loss of edge plasterboard strip caused Stud 1 to fail in flexural-torsional buckling 
(Figure 20). Local crushing of the entire cross-section was also seen at the top of Stud 1. 
However, in FEA the plasterboard restraints along the stud were assumed to be in place for 
the entire duration. Hence FEA did not show flexural-torsional buckling of studs. 
 
3.3.2. Simulation of Test Specimen LSF6 
Specimen LSF6 structurally failed after 120 minutes of fire exposure due to the failures of 
Studs 2 and 3. Hence their measured time-temperatures (Figure 21(a)) were used in FEA, 
which showed that Studs 2 and 3 failed after 117 and 128 minutes (Figure 21(b)), 
respectively. This implies that Stud 2 must have failed first in the test, which is also evident 
from the highest temperatures in Stud 2. Figures 21 (a) and (b) show the axial deformation 
and mid-height lateral deflection versus time curves for these two studs from fire test and 
FEA. In general there is a reasonable agreement between FEA and test results of failure times 
and deflections. Various other assumptions and comments are similar to those made for other 
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wall specimens. Specimen LSF6 did not experience plasterboard fall-off even near the 
failure, and hence the temperature rise was gradual until stud failure. In the test, Studs 2 and 3 
displayed local crushing of the cross-section near the top support and mid-height, 
respectively (Figure 22). In the test Stud 3 was severely bent towards the furnace due to 
screws pulling out from the ambient plasterboard layers. However in FEA lateral restraints 
were assumed to be in place until failure. Hence this behaviour was not experienced in FEA. 
But local buckling was visible along the entire length of Stud 3. 
 
4. Steady State Finite Element Analyses  
4.1. LSF Walls Lined with Double Layers of Gypsum Plasterboards  
Steady state analyses were performed to obtain the load ratio versus time or temperature 
curves and to confirm the results obtained from transient state analyses. Load ratio is defined 
as the ratio of ultimate stud capacities under fire and ambient temperature conditions. For this 
purpose half length models of critical studs (Studs 1 and 2) were analyzed under steady state 
conditions based on their average measured time-temperature curves.  
 
Figure 23(a) shows the variation of load ratios with time for Specimens LSF1 and LSF2. It 
further confirms that for the load ratio of 0.2, Specimen LSF1 will not fail as the stud 
temperatures are in the decay phase of the fire. Similar to transient state FEA, a good 
agreement was obtained for the failure time of Specimen LSF2 using steady state FEA. 
Figure 23(b) shows the load ratio versus stud hot flange temperature for Specimens LSF1 and 
LSF2, together with fire test results. These graphs agree well with each other. Stud 1 in 
Specimen LSF2 failed when the hot flange temperature was 637
o
C for the load ratio of 0.2 
while steady state analysis predicted it to be about 600
o
C. The maximum stud hot flange 
temperature in Specimen LSF1 was 497
o
C and thus the studs did not fail during the test.  
 
4.2. LSF Walls Lined with Single Layer of Gypsum Plasterboards  
Steady state FEA were performed for the critical stud considered in transient state FEA and 
the important results are shown in Figure 24. The stud failure hot flange temperatures as 
obtained from steady state FEA agreed well with that of Test LSF4. For instance, the stud 
failure hot flange temperature was nearly 625
o
C for a load ratio of 0.2 and it was 613
o
C in the 
fire test. However, in other tests the stud failure hot flange temperatures were lower than 
those obtained from steady state FEA (Figure 24(b)). This was due to the fall-off of fire side 
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plasterboard observed in single plasterboard lined specimens. The loss of lateral restraints 
and sudden exposure to high furnace temperatures led to lower recorded stud temperatures at 
failure.  
 
As mentioned earlier, local buckling waves were observed along the stud near the failure time 
in transient state FEA of Test LSF3 and this was more severe near the supports. But in the 
fire test, the stud failed by flexural-torsional buckling (Figure 12). Steady state FEA 
performed for the stud also showed a local failure near the support and neither minor axis nor 
torsional buckling was observed near the 1/3
rd
 height of the stud as seen in the fire test. The 
failure loads from steady state FEA at 27
th
 and 28
th
 minutes were 26.90 and 5.43 kN, 
respectively. This further confirms that for the applied axial compression load of 15 kN the 
stud could have failed between 27 and 28 minutes. Hence steady state analysis was 
performed at 27.5 minutes using the measured temperatures and the corresponding failure 
load was 14.20 kN (Table 3). 
 
In Test LSF3b, Stud 3 showed a local compressive failure while Stud 4 showed flexural-
torsional buckling. In transient state FEA, lateral restraints were considered until failure. 
Hence both Studs 3 and 4 showed local buckling along the length, which was severe near the 
supports (Figure 18). Therefore in order to simulate fire test conditions for Stud 4, steady 
state FEA was performed with and without lateral plasterboard restraints. Table 4 
summarizes the stud failure loads and temperatures. It confirms that Stud 4 could have failed 
before 32 minutes for the applied axial compression load of 15 kN when lateral restraints 
were not present. This is very close to the experimental failure time of 30 minutes. Also as 
shown in Figure 25(a), Stud 4 experienced flexural-torsional buckling which is similar to that 
of Stud 4 in the fire test. 
 
4.3. LSF Walls Externally Insulated with Rock Fibre  
Figure 26 shows the variation of load ratios with respect to time and hot flange temperatures 
for the same two critical studs considered in transient FEA. The failure times obtained from 
steady state FEA agreed well with those from tests. As mentioned in Test LSF5, Stud 1 also 
experienced torsional buckling in addition to local crushing at the top support. This was due 
to the plasterboard fall-off near the failure. Hence steady state analyses were performed at 
110 and 120 minutes without any lateral restraints along the stud. Table 4 summarizes the 
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failure loads of Stud 1 with and without plasterboard restraints. The failure loads of 
unrestrained studs are 30.10 and 19.80 kN at 110 and 120 minutes, respectively. This implies 
that if plasterboard fall-off had occurred before 110 minutes, the stud would have survived 
only about 110 minutes. But in FEA transient and steady state analyses with lateral restraints, 
the predicted failure times are 120 and 119 minutes, respectively. These values agree closely 
with the failure time from fire test (118 minutes). Hence it appears that the edge plasterboard 
fall-off was in fact initiated by the failure of Stud 1. Figure 25(b) shows the failure mode of 
laterally unrestrained stud from steady state analysis at 110 minutes, where the flexural-
torsional buckling is evident. 
 
5. Overall Comments and Discussions 
Finite element analyses were performed for both transient and steady state conditions using 
the measured stud temperatures obtained from full scale fire tests. Transient state analyses 
were performed first to simulate fire test conditions. A good agreement was obtained with 
fire test results for the axial and mid-height lateral deflections except for the difference in the 
mid-height lateral deflection plots near the failure of the stud. This was due to the difference 
in failure directions of walls in tests and FEA caused by possible loading eccentricity induced 
by the thermal bowing of studs. 
 
The finite element models were developed based on previous studies [10-13]. However, 
failure times predicted by transient state FEA were only about 5 minutes less than the 
experimental failure times, i.e. conservative. This is a significant improvement compared to 
the previous studies of LSF walls. This is also due to the use of accurate elevated temperature 
mechanical properties of G500 steels from [14]. FEA also confirmed the failure modes of 
studs reasonably well. In double plasterboard lined (LSF2) and externally insulated 
composite panel tests (LSF5 and LSF6), stud failure was due to local crushing at mid-height. 
But in FEA the local buckling was seen to be more severe at supports than at mid-height, 
possibly due to the use of average temperatures along the stud in FEA. In the fire tests the 
mid-height temperatures were higher than the support temperatures due to thermal bowing. 
  
In single plasterboard lined specimens flexural-torsional buckling was observed due to the 
plasterboard fall-off near failure. This was not predicted by transient state FEA as the 
plasterboard restraints were provided until failure. However in steady state FEA when the 
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plasterboard restraints were removed, the failure mode and load agreed reasonably well with 
test results. In single plasterboard lined specimens the stud failures were influenced by the 
fall-off of 150 mm edge plasterboard strip. This plasterboard strip was connected only along 
a single stud in the fire tests. In construction practice such plasterboard joints do not exist and 
thus any rapid temperature rise in studs due to the fall-off of edge plasterboard strips could be 
ignored.  
 
The plasterboard fall-off was observed in single plasterboard lined LSF wall Tests LSF3, 
LSF4 and LSF3b and externally insulated wall panel Test LSF5. However, it is uncertain 
whether the plasterboard fall-off initiated the failure or vice versa. Therefore steady state 
FEA was performed for all the above LSF walls with and without plasterboard restraints. 
Failure times from the steady state FEA with plasterboard restraints agreed well with those 
from both test and transient state FEA with plasterboard restraints. When the plasterboard 
restraints were removed in the steady state FEA, the failure time was reduced only slightly 
while the failure mode agreed well with test results. Hence it can be concluded that rapid 
plasterboard fall-off was initiated by stud failures in these fire tests. Finite element models 
developed in this research therefore assumed that studs received sufficient lateral restraint 
from attached plasterboards until their failure. 
 
Steady state FEA produced useful load ratio versus time and stud hot flange temperature 
curves for all the wall configurations considered in this research. The load ratio versus time 
curves can be simply used to predict the fire resistance rating of LSF walls for a given load 
ratio. The load ratio versus hot flange temperature curves showed that irrespective of the wall 
configurations and exposed fire time-temperature curves, the stud hot flange failure 
temperatures agreed reasonably well with each other. For instance, they were 600, 500 and 
200
o
C for load ratios of 0.2, 0.4 and 0.7, respectively. These values also agreed well with the 
stud failure temperatures obtained for standard fire conditions in [20]. Hence it can be 
concluded that the use of different wall configurations or realistic design fire curves is 
primarily to delay or accelerate the stud temperature rise, and the failure time (fire rating) of 
LSF wall configurations under different realistic design fires can be predicted based on hot 
flange temperature.  
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6. Conclusions 
This paper has presented the details of numerical modelling of LSF walls exposed to realistic 
design fires. It has described the developed finite element models used in steady and transient 
state analyses and their validation details using fire test results. Good agreements were 
obtained in relation to the failure time and mode of wall studs, axial deformation and lateral 
deflection versus time curves, and thus this paper has demonstrated that finite element models 
can be used to predict the performance of load bearing LSF walls under real fire conditions 
including their fire resistance rating. Finite element analysis results showed that although the 
wall configurations and exposed fire curves were different, stud hot flange failure 
temperatures agreed well with each other for a given load ratio. In this research, finite 
element analyses and fire tests conducted on three LSF wall configurations and two realistic 
design fire curves have provided valuable results and a better understanding of their realistic 
fire performance. The load ratio versus time curves given in this paper can be used to 
determine their fire resistance ratings. The developed finite element models can be used to 
expand the study into the behaviour of LSF wall panels under realistic design fires without 
using excessive resources to conduct full scale fire tests. 
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Figure 1: Realistic Design Fire Time-Temperature Curves used in Fire Tests [8] 
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Figure 2: LSF Wall Test Frame and Fire Test Set-Up 
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Figure 3: Full Length Finite Element Model 
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Figure 4: Half Length Finite Element Model 
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Figure 5: Temperature Distribution of Studs 
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Figure 6: Stress – Strain Curves of 1.15 mm G500 Steel at Different Temperatures 
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(a) Average stud time-temperature curves used in transient state FEA 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) Axial deformation versus time 
 
 
 
 
 
 
 
 
 
 
 
 
 
(c) Mid-height lateral deflection versus time 
 
Figure 7: Transient State FEA Results of Test Specimen LSF1 
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(a) Axial shortening after Step 1 
(b) After 30 minutes of Step 2 
(c) After 180 minutes of Step 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8: Behaviour of Stud 2 under Transient State FEA of Test LSF1 
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(a) Average stud time-temperature curves used in transient state FEA 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) Applied axial compression load in fire test and FEA 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(c) Mid-height lateral deflection versus time  
Figure 9: Transient State FEA Results of Test Specimen LSF2 
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Figure 10: Failure Modes of Test Specimen LSF2 from Transient State FEA and Fire 
Test 
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(a) Average stud time-temperature curves used in transient state FEA 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) Applied axial compression load in fire test and FEA 
 
Figure 11: Transient State FEA Results of Test Specimen LSF3 
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(c) Axial deformation versus time 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(d) Mid-height lateral deflection versus time 
 
Figure 11: Transient State FEA Results of Test Specimen LSF3 
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Figure 12: Failure Modes of Test Specimen LSF3 from Transient State FEA and Fire 
Test 
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(a) Average stud time-temperature curves used in transient state FEA 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) Axial deformation versus time 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(c) Mid-height lateral deflection versus time 
Figure 13: Transient State FEA Results of Test Specimen LSF4 
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(a) Failure of Stud 1 from transient state FEA at 38 minutes 
Stud 1 
Stud 1 
(b) Stud 1 of Test Specimen LSF4 after 39 minutes of fire 
exposure 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 14: Failure Modes of Test Specimen LSF4 from Transient State FEA and Fire 
Test 
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(a) Average stud time-temperature curves used in transient state FEA 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) Axial deformation versus time 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(c) Mid-height lateral deflection versus time 
Figure 15: Transient State FEA Results of Test Specimen LSF3a  
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(b) Failure of Stud 4(b) from transient state FEA at 37 minutes 
 
(a) Failure of Stud 3 from transient state FEA at 42 minutes 
 
Stud 4 Stud 4 Stud 3 
(c) Test Specimen LSF3a after 39 minutes 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 16: Failure Modes of Test Specimen LSF3a from Transient State FEA and Fire 
Test 
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(a) Average stud time-temperature curves used in transient state FEA 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) Axial deformation versus time 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(c) Mid-height lateral deflection versus time 
Figure 17: Transient State FEA Results of Test Specimen LSF3b 
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(a) Failure of Stud 3(a) from transient state FEA at 26 minutes 
(b) Failure of Stud 4 from transient state FEA at 32 minutes 
Stud 3 Stud 4 
Stud 4 Stud 3 
(c) Test Specimen LSF3b after 30 minutes 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 18: Failure Modes of Test Specimen LSF3b from by Transient State FEA and 
Fire Test 
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(a) Average Stud Time-Temperature Curves used in Transient State FEA  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) Axial Deformation versus Time 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(c) Mid-Height Lateral Deflection versus Time  
 
Figure 19: Transient State FEA Results of Test Specimen LSF5  
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(a) Failure of Stud 1 from transient state FEA at 120 minutes 
(b) Test Specimen LSF5 after 118 minutes 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 20: Failure Modes of Test Specimen LSF5 from Transient State FEA and Fire 
Test 
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(a) Average Stud Time-Temperature Curves used in Transient State FEA  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) Axial Deformation versus Time 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(c) Lateral Deflection versus Time 
Figure 21: Transient State FEA Results of Test Specimen LSF6 
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(a) Stud 2 at 117 minutes 
(b) Stud 3 at 128 minutes 
Stud 2 
Stud 3 
Stud 2 
Stud 3 
(c) Test Specimen LSF6 after 120 minutes 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 22: Failure Modes of Test Specimen LSF6 from Transient State FEA and Fire 
Test 
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No Failure 
No Failure 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) Load ratio versus time curves  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) Load ratio versus stud hot flange temperature curves 
 
Figure 23: Steady State FEA Results for Double Layers of Plasterboard Lined LSF 
Walls  
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(a) Load ratio versus time curves  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) Load ratio versus stud hot flange temperature curves 
 
Figure 24: Steady State FEA Results for Single Layer of Plasterboard Lined LSF Walls  
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(a) Stud 4 in Test Specimen LSF3b at 30 minutes 
(b) Stud 1 in Test Specimen LSF5 at 110 minutes 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 25: Test Specimens LSF3b and LSF5 without Lateral Restraints from Steady 
State FEA 
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(a) Load ratio versus time curves 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) Load ratio versus stud hot flange temperature curves 
Figure 26: Steady State FEA Results for LSF Walls Externally Insulated with Rock 
Fibre Insulation 
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S1 S2 S3 S4 
Table 1: Fire Tests Conducted Using Realistic Design Fire Curves [9] 
 
Test 
LSF Wall 
Configuration 
Fire Curve [8] 
Insulation 
Type 
Load Ratio  
(Load per 
Stud)  
Failure 
Time 
(mins) 
LSF1 
Double layers of 
plasterboard 
 
EU-2(0.03)-Comp A - 0.2 (15 kN) 
No 
Failure 
LSF2 BFD-2(0.03)-Comp A - 0.2 (15 kN) 139 
LSF3 
Single layer of 
plasterboard 
EU-1(0.08)-Comp A - 0.2 (15 kN) 28 
LSF4 
 
BFD-1(0.08)-Comp A - 0.2 (15 kN) 39 
LSF3a* 
Single layer of 
plasterboard EU-1(0.08)-Comp A - 0.2 (15 kN) 39 
LSF3b* 
Single layer of 
plasterboard EU-1(0.08)-Comp A - 0.2 (15 kN) 30 
LSF5 
Externally insulated 
panel BFD-2(0.03)-Comp B Rock Fibre 0.4 (30 kN) 118 
LSF6 EU-2(0.03)-Comp B Rock Fibre  0.4 (30 kN) 120 
Note: * - Test LSF3a is a repeat of Test LSF3 with 150 mm wide edge plasterboard strip fixed along Stud 4 
(right side of the wall) instead of along Stud 1 in Test LSF3 (left side of the wall), and in Test LSF3b vertical 
plasterboard joints were located along central studs to avoid the 150 mm edge strips of plasterboard [9]. Load 
per stud was calculated as load ratio x ambient temperature capacity of stud (77 kN). 
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Table 2: Failure Times and Stud Temperatures from Fire Tests and Transient State 
FEA 
Test Specimen 
Failure Time 
(mins) 
Stud Temperature  
at Failure (
o
C) 
Hot Flange Cold Flange 
Fire Test LSF1 - Experiment * 497# 423# 
          FEA * 497# 423# 
Fire Test LSF2 - Experiment 139  645 560 
          FEA 134   590   511  
Fire Test LSF3- Experiment 27.5 643 314 
         FEA 27  561 283 
Fire Test LSF3a - Experiment 39  557 417 
             FEA 37  593 452 
Fire Test LSF3b – Experiment  30  583 470 
               FEA 32  602 478 
Fire Test LSF4 - Experiment 39  630 258 
          FEA 38   613  254 
Fire Test LSF5 - Experiment  118  452 278 
          FEA 120  528 355 
Fire Test LSF6 - Experiment 120  571 472 
                            FEA 117    529   352  
Note: * - No Failure; #-Maximum temperature  
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Table 3: Steady State FEA Results for Test Specimen LSF3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Time 
Stud Failure Temperatures 
Stud Failure Load 
(kN) Hot Flange 
(
o
C) 
Cold Flange 
(
o
C) 
27 mins 561 283 26.90  
27.5 mins 643 314 14.20  
28 mins  790 434 5.43  
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Table 4:  Steady State FEA Results with and without Plasterboard Restraints for Tests 
LSF3b and LSF5 
 
 
 
 
Wall 
Configuration 
Time 
(mins) 
Stud Failure Temperatures Stud Failure Load (kN) 
Hot Flange 
(
o
C) 
Cold Flange 
(
o
C) 
with Pb 
restraints 
without Pb 
restraints 
Stud 4 in  
Test LSF3b 
26 382 222 41.00  27.70  
30 529 415 29.20  20.50  
32 602 478 14.30  1.96 
Stud 1 in  
Test LSF5 
110 343 189 43.50  30.10  
120 528 355 29.70 19.80  
